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Lift coefficient, L/qS 
Drag coefficient, D/qS 
Cross-wind force coefficient, C'/qS 
tolling moment coefficient, L*/qSb 
Pitching moment coefficient, M/qSc 
Yawing moment coefficient, SP/qSb 
where L is the lift 
D , drag 
C*, cross-wind force 
L1, rolling moment 
M , pitching moment 
Nf, yawing moment 
q , dynamic pressure 
S , wing area 
o , average wing chord 
b , wing span 
and 
d , the angle of attack 
ty , angle of yaw (positive when the 
right wing tip tends to move to the 
rear, as viewed from the pilot's seat.) 
^ , dihedral angle 
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AERODYNAMIC CHARACTERISTICS OF THE V-SHAPED TAIL 
Summary 
This report presents the results of a series of tests 
conducted in the Georgia Tech 30-inoh wind tunnel to determine 
the effect of dihedral and yaw on the aerodynamic characteristics 
of the V-shaped tail. A Clark Y airfoil of rectangular plan form 
was tested at four dihedral settings. Force tests at five angles 
of yaw were made for each dihedral setting. From these tests the 
coefficients of lift, drag, and pitching moment, and the rates of 
change of rolling-moment, yawing-moment, and cross-wind force coef-
ficients with angle of yaw were determined* 
The results revealed a marked delay of the stall, an increase 
in minimum drag, and a decrease in maximum lift, lift curve slope, 
and pitching-moment curve slope with an increase in the dihedral 
angle* Positive dihedral produced a stable rolling moment and an 
unstable yawing moment and cross-wind force. Negative dihedral 
resulted in stable yawing moment and unstable rolling moment and 
cross-wind force. These tests showed that the plan form of the wing 
is of major importance among the factors affecting airfoil charac-
teristics of a wing with a large dihedral, and also showed that the 
interference effects between the model and support are of major im-
portance in testing an airfoil with a large dihedral, 
2 
Introduction 
A V-shaped tail is a horizontal tail surface set at a 
dihedral angle. The tail consists of two parts: a fixed surface 
and flaps. Flaps, when operated together, combine the functions 
of rudder and elevators. The effect of elevators is achieved when 
the flaps are lowered or raised simultaneously, when they are 
operated differentially, that is one flap being raised and the other 
lowered, the effect of rudder is obtained. 
1 
The V-shaped tail has been known for over ten years , but 
very little is known about the aerodynamic oharacteristies of this 
new arrangement of tail surfaces. Among the important aerodynamic 
characteristics of the V-shaped tail are: a) the slopes of the lift 
and pitching-moment curves, which give an indication of the amount 
of longitudinal stability; b) the rates of change of rolling-moment, 
cross-wind force and yawing-moment coefficients with yaw, which give 
an indication of lateral stability; and c) the amount of drag. The 
last is of considerable importance, since it is reasonable to believe 
that with less wetted area required for the new tail, the drag will be 
less and, consequently, the speed of an airplane will be increased. 
1 
"The Rudl ick i Vee Tai l 1 1 , A i r c r a f t Engineer ing , Vol. IV, 
No. 5 7 , iiarch 1932, pp .63-64 . 
3 
The effect of dihedral on the aerodynamic characteristics of 
2,3 
airplanes has been experimentally determined in a few instances. 
However, these results apply to wings rather than to tail surfaces, 
and, therefore, the range of dihedral angles analyzed is limited to 
not more than 15 degrees. The tests reported herein include the 
determination of the effect of dihedral angles ranging from - 20 
degrees to + 40 degrees• 
The effect of yaw on the lateral-stability characteristics 
of airfoils has been theoretically and experimentally determined in 
4 5 
many instances• The works of Bamber and House and Sigburd Hoerner 
were found to be most useful for this report. 
2 
J, A. Shortal, Effect of Tip Shape and Dihedral on Lateral-
Stability Characteristios, U.S. National Advisory Committee for 
Aeronautics, Technical Report No.548, 1935. 
3 
C. H. Zimmerman, Aerodynamic Characteristics of Several 
Airfoils of Low Aspect Ratio, U.S* National Advisory Committee for 
Aeronautics, Technical Note No.539, 1935. 
4 
M. J. Bamber and R, D. House, Wind-Tunnel Investigation of 
Effect of Yaw on Lateral-Stability Characteristics, U«S« National 
Advisory Committee for Aeronautics, Technioal Note No.703, 1939. 
5 
S. Hoerner, Forces and Moments on a Yawed Airfoil, U.S. 
National Advisory Committee for Aeronautics, Technical Memorandums 
No. 906, 1939• 
4 
Modal and Apparatus 
Only one airfoil was used for the experiments. This airfoil 
was constructed of laminated mahogany to the Clark Y profile. The 
airfoil was originally made accurate to * 0.005 " but is slightly 
warped at the present time. Plan form and elevation drawings of 
the wing are given in Figure 6 and two photographs of the wing set 
at a dihedral angle of 40° in Figures 2 and 3. 
The airfoil was cut at the mid-section and held together at 
the desired dihedral setting by metal straps and angles. A set of 
one strap and two angles was required for each dihedral setting. 
In order to eliminate unnecessary variables and to make all 
results comparable, the overall dimensions of the two halves of the 
wing set at a given dihedral were kept the same as those of the wing 
with no dihedral. That is, the wetted areas of the wings were the 
same, but the vertical and horizontal projections of a wing with 
dihedral were reduced respectively by the Sine and Cosine of the 
dihedral angle. It was found necessary to out some material from 
the center-section of the airfoil before the two halves could be set 
at a dihedral angle of 40 degrees. This cut was carefully filled with 
wax for other dihedral settings. The model was polished before each 
set of dihedral runs was performed. 
All tests were made in the Georgia Tech 30-inch wind tunnel 
(Fig.l). The wind tunnel is of the open throat, closed circuit type, 
with single return in a vertical plane. The tunnel is completely 
5 
6 
described in Student Technical Report Ho, 4, 1932-33. 
The method of supporting the model in the jet is illustrated 
in Figures 4 and 5. It consists of a metal frame held in place by 
six wires leading to balances and a skew wire to which a counter-
weight is attached. All wires used were 0.012M diameter piano wires, 
annealed in order to produce the required flexibility. 
The angle of attack of the model was changed by a rotating 
disc of the model support. This disc is so constructed that it may 
be rotated in its seat and set at intervals of about three degrees. 
By rotating this disc about the Z-axis, angles of yaw of the model 
o 
are obtained in 10 increments, 
Tests 
c o o 
The wing was tested at dihedral angles of - 20 , 0 , 20 and 
0 0 o 
40 . Each dihedral wing was tested at angles of yaw of - 20 , - 10 , 
O o O 
0 , 10 and 20 . At each angle of yaw* tests were made for angles of 
O O O 
attack of about 4 beyond the zero lift to about 1 to 8 past the 
maximum lift, in approximately 3 intervals. At all angles of yaw, 
enough tests were made to obtain the values of minimum drag and maximum 
lift. For each test, all six components of force and moment were measured. 
6 
G. A. Mahoff, L. B. Rumph, and ft. R. Weems, Calibration of Small 
Yfind Tunnel at Georgia Tech. Unpublished student technical report, Daniel 
Guggenheim School of Aeronautics, Georgia School of Technology, Report 
No.4, 1932-33, 15 pp. 
6 
The tests were made at a dynamic pressure of 50 Kg/M3, which 
corresponds to an air speed of about 65 miles per hour under standard 
atmospheric conditions. The Reynolds Number of the tests was about 
135,000 based on the chord of 2.88 inches. 
Results 
The assumptions usually made in the study of airplane stability 
were also made in these tests. The two most important of these as-
sumptions are: 
1. The wing span, area, and average chord used in computing 
the coefficients are those of the wing with no dihedral. 
2. The angle of attack is the angle between the relative wind 
and the chord of a straight wing, or is corrected so as to 
be such. 
The axes used in specifying the moments were wind axes that 
intersect on the wing model at the midspan 50 percent chord point of 
the basic chord. 
The lift, the drag, and the pitching moments, corrected for 
tunnel effects, are presented in the form of standard absolute coef-
ficients plotted against the angle of attack. Figures 7 to 10 and 
Figures 12 to 15 are sample plots. Figure 11 shows the effect of 
dihedral on lift coefficient corrected for the reduction in the pro-
jected area of the wing on a lateral plane. 
The rolling moment, the cross-wind force, and the yawing moment 
were corrected for initial asymmetry by deducting the values ob-
tained without yaw from the values obtained with yaw. All coef-
ficients were plotted against the angle of attack^ Figures 16 to 
27 are sample results. 
The stability characteristics, ( - C £ ' ) , IM $•') , and 
. Q r \d V h \c( ^ Jo 
, were obtained by measuring at zero yaw the slope of the cl V jo 
curves of the coefficients against the angle of ya.w. Figures 28 to 
30 give the variation of the stability characteristics with the angle 
of attack. 
The increments of rates of change of / ———I , / / , and 
\cl V Jo [ J ip f0 
[d & h due to dihedral angle, for 0 and 10 angles of attack, T* 
are plotted against dihedral angle in Figure 31. 
Discussion 
The reader should bear in mind that the results herein dis-
cussed apply only to airfoils, and that in making stability calcu-
lations the characteristics of the airplane as a whole must be very 
carefully taken into account. As all tests were made at the low 
Reynolds Number of 133,000 , any conclusions as to the effects of 
the variable factors should be drawn with the above fact in mind. 
A general survey of the curves demonstrates the appreciable 
effects which dihedral and yaw (when combined with dihedral) have 
on the aerodynamic characteristics of the wings. 
The wing forces, in general, were very little altered by 
yawed flow (at zero dihedral). Thus, at angles of yaw of * 10, the 
lift and drag forces were practically unaffected (Fig.7). More than 
8 
that, the pitching-moment was found to have remained practically-
unchanged up to angles of yaw of <U * * 20 . (Figure 12). Re-
ferring now to the curves in greater detail, the effects of yaw 
and dihedral on the aerodynamic characteristics of the model wing 
may be listed as followsJ 
Lift Coefficient 
•7 
According to Betz , the lift coefficient, C^ , decreases 
approximately as Cos3 <(/ , where <{/ is the angle of yaw# Following 
the Betz method, the lift was found to be the same at high angles 
o 
of attack and angle of yaw of 10 , but about 4 percent higher at 
low angles of attack. 
The coefficients being based on the area of the wings with 
no dihedral, the maximum lift would be expected to be lower with 
dihedral because of the reduction of the projected area of the wing 
o 
on a lateral plane. Shortal found that the reduction in maximum 
lift coefficients was proportional to the reduction in the projected 
area. However, this was not the oaee in our experiments. Figure 11 
shows that the lift coefficients, corrected for the reduction of the 
projected area, were, in general, lower than those predicted by Shortal• 
o 
The maximum lift coefficient of a wing set at a dihedral angle of 20 
7 in 
Betz, A.,"Applied Airfoil Theor//Durand, Aerodynamic Theory, 
Vol.IV (Berlin: Julius Springer, 1935) pp.1-129. 
8 
Shortal, 0£. cit> 
9 
was approximately the same as that of a wing with no dihedral; 
however, the dihedral angle of 40 resulted in a 12 percent 
reduction of the maximum lift coefficient. This was attributed 
to large interference effects between the model and the disc of the 
model support. Close examination of Figure 2 will show that, at 
large dihedral angles, the size of the disc inserted between the 
two halves of the wing is a major factor in producing disturbed 
motion around the airfoil. 
A survey of the curves of lift coefficient plotted against 
the angle of attack (Figures 7,8,9, and 10) reveals, as would be 
expected, that the slope of the lift curve decreases with an increase 
of the dihedral angle. Munk states that the steeper the lift curve 
of the stabilizer, the sooner does it reach its maximum lift coef-
ficient and beoomes ineffective. The stabilizer, in spite of its 
smaller angle of attack (as compared to the wing), when having a 
steep lift curve, may reach its maximum lift coefficient before the 
wings. The consequence would be a dangerous tendency of the airplane 
9 
to nose up and to stall. 
It is of interest to notice that the zero lift for an airfoil 
set at zero yaw and zero dihedral occurs at the angle of attack of 
0 
-5.4 , while the maximum lift occurs at the angle of attack of 
C 0 
15.6, the effective range between those two values being 21.0 • 
9 
M. M. Munk, The Principles of Aerodynamics,(Published by the 
Author, Washington, D.C., 1933) 252 pp. 
10 
o 
This range for an airfoil set at the dihedral angles of 20 and of 
40 is 23,2° and 28,2° respectively (Figures 7, 8 and 9). Another 
interesting fact is that the lift characteristics beyond the maximum 
lift are improved for an airfoil set at a dihedral angle. The re-
quirement for the lift coefficient is that it should keep its value 
over a large range of the angles of attack, as near the maximum as 
possible. If the curve falls off, it should at least fall off 
10 
gently and continuously, by no means sharply and suddenly, A survey 
of Figures 7, 8, 9 and 10 shows that the curves at large dihedral 
angles have a greater tendency to remain unchanged at the stall, 
This tendency is even greater at large angles of yaw, A good example 
of this is given in Figure 9 ( g * 40° , <// . 20° ) p where the lift 
curve, upon reaching its maximum value, falls off gently, and then 
gradually goes up, until it comes back approximately to its original 
maximum lift, 
Drag Coefficient 
The test results indicating the variation of drag coefficient 
with dihedral are shown in Figures 7, 8, 9 and 10, It is quite possible, 
however, that slight differences in the surface finish of the airfoil, 
and especially the interference effects, masked the true effect of the 
dihedral, 





wings, it appears that the drag of the wings is increased, being 
11 
even greater when the airfoil is set at a large angle of yaw. Bets 
attributes this effect to two elements. The first element develops 
from the fact that by the presence of the disc the flow around the 
wing is so changed that the profile drag of the wing is no longer 
the same. The second element arises from the change in the induced 
drag of the wing. This element develops from the fact that through 
the presence of the disc the distribution of the lift along the wing 
undergoes a change and, in consequence,, the induced drag is increased. 
Due to the interference effects,, the values of the drag coef-
ficients, especially of the minimum drag coefficients, were increased. 
However, it could be said that at lift coefficients corresponding to 
cruising speeds, the drag coefficients at large dihedral angles do 
not differ much from those at zero dihedral. Additional experiments 
with a different supporting frame are necessary before any conclusions 
could be made. 
Pitching Moment Coefficient 
12 
Wood states that stability requires that an increased angle of 
attack result in changes in air forces so that their moment about the 
center of gravity is more diving (or less nosing up), and thus the 
angle of attack is reduced* 
11 
Betz, 0£. cit. 
12 
K. D. Wood, Technical Aerodynamics, (New Yorkj McGraw-Hill Book 
Company, Inc., 1935) 350 pp. 
12 
An examination of the pitching moment coefficients (taken 
about the 50 percent chord point) plotted against the angle of 
attack (Figures 12, 13, 14 and 15) shows that an increase in a 
positive dihedral results in a decrease of the positive slope of 
the pitching-moment curve. Thus, the slope of the pitohing-moment 
curve at zero dihedral was + 0,0195, approximately the same as the 
slope at tf • - 20. The slope was reduced to + 0,0145 it °» +20 
and to + .0103 at o * + 40. This effect is favorable, since a 
decrease in slope to the graph of ^m^/ vs, oL means that an increased 
angle of attack ( and C, ) results in a decreased pitching moment, which 
reduces the angle of attack, 
Rolling and Yawing Moment and Cross-Wind Force Coefficients 
For the purpose of direct comparison, all three lateral-
stability characteristics, that is the rolling moment, the yawing 
moment, and the cross-wind force, and their rates of change with 
respect to yaw, will be discussed under the same heading. Stable 
rolling and yawing moments and cross-wind force are defined to be 
such as to restore the wing to a condition of no yaw. Note that all 
moments refer to wind axes, 
A survey of Figures 28, 29 and 30 reveals that a positive 
dihedral angle produces a stable rolling moment and an unstable yawing 
moment and cross-wind force. Negative dihedral resulted in stable 
yawing moment and unstable rolling moment and cross-wind force. All 
13 
the yawing-moment coefficients are small in comparison with cross-
wind force and rolling-moment coefficients of the same dihedral 
setting, but are approximately of the order of magnitude of the 
yawing-moment coefficients given by the rudder of a conventional 
13 
airplane. A more direct comparison of the effects of the dihedrals 
tested was made by computing the increments of rates of change due to 
dihedral angle,A(4^J * A f^Ssi) , and A f n •,?•'•) , for 0° and 
\c* 4* /o V d ty Jo Vc-I \ff j o 
10° angles of attack and plotting them against the dihedral angle in 
Figure 31. This method of comparison was suggested by Shortal in 
14 
TR 548. 
. ̂  ^ , m*(A£*S J<*Cc'\ //<*CV 
A further evaluation of A I—; / , A —r , and dy Jo \<b ty /o \d y Jo 
is possible upon considering a straight line variation between these 
functions and the angle of dihedral. This variation is not sufficiently 
dcv 
accurate for A I—r—— , for which function a parabolic variation 
would be more appropriate. It should also be noticed that for A r-v-~- J 
negative dihedral angles produced the same unstable effects as positive 
dihedral angles. However, due to the uncertainty of these results, as 
16 
well as those given in TR 548, a straight line variation was found to 
be sufficiently justifiable in representing these functions. 
13 
H. L. Dryden and B» H. Monish, The Effect of Area and Aspect 
Ratio on the Yawing Moments of Rudders at Large" nnles of ftitch of Three 
Fuselages, U«S. National Advisory Committee for Aeronautics, Technical 
Report No.437, 1932. 
14 





I t was found tha t the values of 
ac... v a t / . \av lo 









c\ \c^\ . Mcw Shortal found corresponding values for —-. and — 
i 7 \ a ^ /. ^ a y /* 
to be 0.00035 and 0.000024. Bamber and House* s value for / dCg') 
18 \ dY 1° 
is 0,00021. 
It should be added that the empirical equations given above are 
only approximate equations, and additional experiments are necessary 





Bamber and House, op. cit. 
18 
These values are per degree of dihedral. 
15 
Conclusions 
Before any conclusions could be drawn it should be mentioned 
once more that the results of this investigation apply only to airfoils 
and that in making stability calculations the characteristics of the 
airplane as a whole must be very carefully taken into account. It 
should also be remembered that since the resultant force on the tail 
is a down force, the dihedral angle treated as a positive dihedral 
angle in this report is actually producing the effect of a negative 
dihedral angle, 
The results of this investigation indicate that: 
1. Increasing the dihedral of a V-shaped tail results in 
reduction in the slope of the lift curve and the maximum lift coef-
ficient, 
2. The value of minimum drag coefficient is affected by inter-
ference between the model and model support at large dihedral angles, 
3. The effect of increasing the dihedral of a V-shaped tail is 
to produce stable pitching moments. 
4. The effect of increasing the dihedral of a V-shaped tail is 
an increase in the stability characteristics of ( .- ~ I by an amount 
equal to 0.00025 per degree, and a decrease in the stability charac-
teristics of 1-- J and 1 •• 1 by an amount equal to 0.000055 
and 0,00035 per degree respectively. 
16 
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